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(54) POSITIVE ACTIVE MATERIAL FOR ALKALINE STORAGE BATTERY AND 
MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance conductivity between active material particles with the 
small amount of cobalt compound by forming concentration gradient so that the concentration of 
the cobalt compound is high on the surface of a solid solution particle and gradually decreased 
toward the central part of the particle. 

SOLUTION: Nickel sulfate aqueous solution ((a) solution), zinc sulfate aqueous solution ((b) 
solution), and cobalt sulfate solution ((c) solution) are prepared so that the element weight fraction 
of zinc and that of cobalt are 0.5wt.% and 2wt.% respectively when the whole weight of solid 
solution particle is 100. The (a) solution and the (b) solution are mixed and stirred, and the (c) 
solution is added to the mixture so that the pouring amount per time is increased continuously or by 
stages. At the same time, ammonia water and sodium hydroxide aqueous solution are gradually 
added so that pH of (a), (b), and (c) solutions is kept in the specified value. Solid solution particle 
comprising compounds of nickel, zinc, and cobalt is obtained, and the cobalt compound is dispersed 
in the particle so as to have such concentration gradient that the concentration of the cobalt 
compound is low on the inside of the particle and high on the surface of the particle. 
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CLAIMS 
[Claim(s)] 

[Claim 1] It is the positive active material for alkaline batteries characterized by being the positive 
active material for alkaline batteries which uses as an indispensable component the solid-solution 
particle which contains nickel hydroxide and a cobalt compound at least, and said solid-solution 
particle having the cobalt concentration gradient which decreases toward a particle core highly on a 
particle surface. 

[Claim 2] Said solid-solution particle is positive active material for alkaline batteries according to 
claim 1 with which the cobalt hydroxide enveloping layer which has the cobalt concentration of a 
particle surface and the cobalt concentration more than an EQC is further characterized by what is 
formed in a particle front face. 

[Claim 3] The cobalt hydroxide in said cobalt hydroxide enveloping layer is positive active material 
for alkaline batteries according to claim 2 characterized by considering as the cobalt compound 
exceeding divalent by heat-treating the solid-solution particle in which the enveloping layer was 
formed under coexistence of alkali and oxygen. 

[Claim 4] Said positive active material for alkaline batteries is positive active material for alkaline 
batteries according to claim 1 characterized by including said solid-solution particle and the cobalt 
hydroxide content powder which has the cobalt concentration of said solid-solution particle surface, 
and the cobalt concentration more than an EQC. 

[Claim 5] Said solid-solution particle is claim 1 characterized by what one or more sorts of 
compounds further chosen from the group which consists of a zinc compound, cadmium 
compounds, a magnesium compound, and a manganese compound are contained for thru/or the 
positive active material for alkaline batteries according to claim 4. 

[Claim 6] In the manufacture approach of the solid-solution active material particle for alkaline 
batteries which comes to contain nickel hydroxide and a cobalt compound at least the manufacture 
approach of said solid-solution active material particle for alkaline batteries By pouring a cobalt salt 
solution to the bottom nickel salt solution of stirring, so that a cobalt salt addition may increase 
continuously or gradually, pouring an alkali solution in concurrency with this, and maintaining the 
reaction solution pH to a predetermined value The manufacture approach of the solid-solution 
active material particle for alkaline batteries characterized by having the solid-solution particle 
making process which produces the nickel cobalt solid-solution particle which has a low cobalt 
concentration gradient high on a particle surface in a particle core. 

[Claim 7] The manufacture approach of the solid-solution active material particle for alkaline 
batteries according to claim 6 characterized by making ammonia exist in a reaction solution in said 
solid-solution particle making process. 

[Claim 8] The manufacture approach of claim 6 which carries out stirring distribution at the cobalt 
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salt solution which dissolved cobalt salt for said nickel cobalt solid-solution particle at least, and is 
characterize by what a cobalt compound is deposit and it has further for the enveloping layer 
formation process which forms a cobalt hydroxide enveloping layer in the front face of said nickel 
cobalt solid-solution particle by pour an alkali solution into these stirring dispersion liquid, and 
adjust dispersion liquid pH to a predetermined value thru/or the solid-solution active material 
particle for alkaline batteries according to claim 7. 

[Claim 9] Furthermore, the manufacture approach of the solid-solution active material particle for 
alkaline batteries according to claim 8 characterized by what it has the alkali heat treatment process 
heat-treated under oxygen existence for after carrying out impregnation of the alkali-metal solution 
to the coat solid-solution particle produced with said enveloping layer formation process. 
[Claim 10] The manufacture approach of the solid-solution active material particle for alkaline 
batteries according to claim 9 that said alkali-metal solution is characterized by being a potassium 
hydroxide solution. 

[Claim 11] The manufacture approach of claim 9 to which temperature of said heat treatment is 
characterized by being 40-100 degrees C thru/or the solid-solution active material particle for 
alkaline batteries according to claim 10. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a solid-solution particle and amelioration of the 
made nickel hydroxide active material with nickel hydroxide and a cobalt compound in detail about 
the positive active material for alkaline batteries. 
[0002] 

[Description of the Prior Art] There are the so-called sintering type which fills up with an active 
material the sintering type substrate which sintered nickel powder, and the so-called paste type 
which fills up the nickel porous body of high porosity, such as a nickel fiber sintering porous body 
and a foaming nickel porous body, with a paste-like active material in the process of the nickel 
positive electrode for alkaline batteries. However, a sintering type has complicated restoration of an 
active material, and since a limitation is in high porosity of a substrate, it has the fault of being hard 
to attain high energy consistency of an electrode. For this reason, in recent years, the paste-type 
nickel positive electrode using a high porosity nickel object is becoming in use in order to respond 
to the request of the formation of a high energy consistency of a cell, and low-pricing. 
[0003] However, although the high density restoration to a porous body is possible for a paste type, 
since its pole diameter of the porous body which functions as a charge collector is large, it becomes 
inadequate electric contacting it a porous body and an active material, and it has the fault that 
current collection effectiveness is bad. For this reason, there is a problem [ capacity / of the active 
material with which high density was filled up / generation-of-electrical-energy ] that there is 
enough no cash-drawer profit. 

[0004] Then, it aims at improving the fault of such a paste type conventionally. ** The technique 
(JP,62-222566,A) which forms the enveloping layer of cobalt hydroxide in the front face of the 
solid-solution active material powder containing nickel hydroxide, cadmium hydroxide, or cobalt 
hydroxide, ** Consider as the technique (JP,3-62457,A) which forms the solid solution of nickel 
hydroxide and cobalt hydroxide in the surface section of nickel hydroxide, and the technique which 
improved the technique of a publication further to said JP,62-222566,A further. ** The technique 
(JP,5-151962,A) of giving the hydrophilic organic substance film on the enveloping layer 
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containing the cobalt compound formed in the nickel hydroxide front face etc. is proposed. Since 
active material particle mutual conductivity improves when these techniques are applied, the engine 
performance of a nickel positive electrode can be raised. 
[0005] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned technique, the 
following troubles are not solvable. That is, although this cobalt hydroxide raises the conductivity 
between active material particles when cobalt hydroxide is arranged on a nickel hydroxide particle 
front face, the cobalt hydroxide on the front face of a particle is diffused inside nickel hydroxide at 
the time of over discharge, and the phenomenon in which the amount of cobalt hydroxide on the 
front face of a particle decreases produces it. For this reason, the conductivity of an active material 
particle falls, that utilization factor falls, and there is a problem of it becoming impossible to take 
out sufficient cell capacity especially at the time of over discharge. In order to cause relative 
reduction of the amount of nickel hydroxide (amount of the body of an active material), it becomes 
impossible however, to fully raise an energy density by the approach of counting upon said 
diffusion and arranging a lot of cobalt hydroxide on a particle front face or the whole active material 
beforehand. 

[0006] Moreover, since the technique of the aforementioned ** is a technique in which it prevents 
physically that a cobalt kind dissipates into the electrolytic solution by giving the hydrophilic 
organic substance film on an enveloping layer, it cannot control the phenomenon diffused inside a 
mother particle also with this technique. 

[0007] This invention aims at offering the manufacture approach of the positive active material for 
alkaline batteries which is made in order to solve the trouble in said conventional technique, is 
effectively raised as a small quantity of a cobalt compound is also about the conductivity between 
active material particles, and the cobalt compound near the mother particle front face does not 
diffuse inside a nickel hydroxide mother particle at the time of over discharge, and such positive 
active material for alkaline batteries. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned object, this invention has 
the following description. Invention according to claim 1 is positive active material for alkaline 
batteries which uses as an indispensable component the solid-solution particle which contains nickel 
hydroxide and a cobalt compound at least, and said solid-solution particle is characterized by having 
the cobalt concentration gradient which decreases toward a particle core highly on a particle 
surface. 

[0009] Invention according to claim 2 is characterized by forming in the front face of said solid- 
solution particle the cobalt hydroxide enveloping layer which has the cobalt concentration of a 
particle surface, and the cobalt concentration more than an EQC in the positive active material for 
alkaline batteries according to claim 1. 

[0010] Invention according to claim 3 is positive active material for alkaline batteries according to 
claim 2 characterized by having considered as the cobalt compound with which the cobalt 
hydroxide in said cobalt hydroxide enveloping layer exceeds divalent by heat-treating the solid- 
solution particle in which the enveloping layer was formed under coexistence of alkali and oxygen. 
[001 1] Invention according to claim 4 is characterized by the positive active material for alkaline 
batteries according to claim 1 containing said solid-solution particle and the cobalt hydroxide 
content powder which has the cobalt concentration of said solid-solution particle surface, and the 
cobalt concentration more than an EQC. 

[0012] Invention according to claim 5 is characterized by containing one or more sorts of 
compounds chosen from the group which said solid-solution particle becomes from a zinc 
compound, cadmium compounds, a magnesium compound, and a manganese compound further in 
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claim 1 thru/or the positive active material for alkaline batteries according to claim 4. 
[0013] To the bottom nickel salt solution of stirring, invention according to claim 6 pours a cobalt 
salt solution so that it may increase continuously [ a cobalt salt addition ] or gradually. By pouring 
an alkali solution in concurrency with this, and maintaining the reaction solution pH to a 
predetermined value [0014] characterized by being the manufacture approach of the solid-solution 
active material particle for alkaline batteries equipped with the solid-solution particle making 
process which produces the nickel cobalt solid-solution particle which has a low cobalt 
concentration gradient high on a particle surface in a particle core Invention according to claim 7 is 
characterized by making ammonia exist in a reaction solution in the solid-solution particle making 
process of the manufacture approach of the solid-solution active material particle for alkaline 
batteries according to claim 6. 

[0015] Invention according to claim 8 is set to the manufacture approach of claim 6 thru/or the 
solid-solution active material particle for alkaline batteries according to claim 7. Furthermore, 
stirring distribution of said nickel cobalt solid-solution particle is carried out at the cobalt salt 
solution which dissolved cobalt salt at least. By pouring an alkali solution into these stirring 
dispersion liquid, and adjusting dispersion liquid pH to a predetermined value, a cobalt compound is 
deposited and it is characterized by having the enveloping layer formation process which forms a 
cobalt hydroxide enveloping layer in the front face of said nickel cobalt solid-solution particle. 
[0016] In the manufacture approach of the solid-solution active material particle for alkaline 
batteries according to claim 8, after invention according to claim 9 carries out impregnation of the 
alkali-metal solution to the coat solid-solution particle produced with said enveloping layer 
formation process further, it is characterized by having the alkali heat treatment process heat-treated 
under oxygen existence. 

[0017] Invention according to claim 10 is characterized by said alkali-metal solution being a 
potassium hydroxide solution in the manufacture approach of the solid-solution active material 
particle for alkaline batteries according to claim 9. 

[0018] Invention according to claim 1 1 is characterized by the temperature of said heat treatment 
being 40-100 degrees C in the manufacture approach of claim 9 thru/or the solid-solution active 
material particle for alkaline batteries according to claim 10. 
[0019] 

[Embodiment of the Invention] The gestalt of operation of this invention is clarified by explaining 
the production approach of the nickel solid-solution active material particle concerning this 
invention, and the manufacture approach of the positive electrode using this solid-solution active 
material particle hereafter, and explaining the electrochemical property of various solid-solution 
active material particles by the cell which incorporated this positive electrode after that. 
[0020] [Production of various solid-solution active material particles] 

(Production of this invention active material particle AO) First, when setting total weight of a solid- 
solution particle to 100, the nickel-sulfate water solution (a liquid), the zinc-sulfate water solution 
(b liquid), and the cobalt sulfate water solution (c liquid) were prepared so that the metallic element 
weight fraction of zinc and cobalt might become 0.5 % of the weight and 2 % of the weight, 
respectively. Next, while adding said c liquid, controlling the amount of pouring to increase 
gradually [ the amount of pouring per unit time amount ], or continuously, carrying out stirring 
mixing of said a liquid and b liquid, and continuing stirring mixing to this ab liquid, aqueous 
ammonia and a sodium-hydroxide water solution were gradually added so that pH of an abc 
reaction solution might be maintained by the predetermined value in concurrency with this. Since 
the active material particle which uses nickel hydroxide as a principal component into an abc 
reaction solution by this generated and deposited, this was extracted, it rinsed and dried and the 
nickel cobalt solid-solution particle was obtained. It is this invention active material particle AO 
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about this following and nickel cobalt solid-solution particle. It carries out. 

[0021] When each solution is made to react by the approach of increasing gradually or continuously 
the amount of pouring of c liquid to ab liquid as mentioned above, the solid-solution particle which 
consists of three components of a nickel compound, a zinc compound, and a cobalt compound is 
obtained, and this solid-solution particle becomes what the cobalt compound distributed in the 
particle with the concentration gradient (henceforth Co concentration gradient) low and high on a 
particle front face inside the particle. 

[0022] In addition, although the concentration and the amount of each liquid of the above a, b, and c 
used are good to take a reaction condition etc. into consideration and to carry out adjustable 
suitably, when concentration of a, b, and c each liquid is made into 20 % of the weight and each 
liquid of this concentration is used by the ratio of a:b:c=5000:42.2: 168.5 by the weight ratio for 
example, the solid-solution particle of the above-mentioned metallic element weight fraction is 
obtained. In the above, the solid-solution particle was created according to this approach. 
[0023] Moreover, when all the pouring volume of c liquid is set to 100 as an example of the pouring 
approach of c liquid, for example, To the 1st time at its 1 / the 100 or 2nd time 3/100, To the 3rd 
time, 5 / method of increasing [ 7 / the 100 or 5th time / 1 1 / the 100 or 7th time / 13 / the 100 or 8th 
time / 15 / the 100 or 9th time / 17 / the 100 or 10th time / **** of 19/100 ] pouring volume 
gradually to 9 / the 100 or 6th time the 100 or 4th time, The approach of raising the cobalt salt 
concentration of pouring liquid gradually or continuously is mentioned by preparing a high- 
concentration cobalt salt solution and a low-concentration cobalt salt solution, and changing the 
mixed ratio of both solutions gradually or continuously. 

[0024] Furthermore, although what is necessary is just to adjust pH of the above-mentioned reaction 
solution suitably in 10-12, it is good to be preferably referred to as pHl 1 from the field of the shape 
of reaction yield or corpuscular character. Moreover, although especially the alkali for pH 
adjustment of a reaction solution is not limited and only a sodium-hydroxide water solution can also 
perform it, it is good to use together an aqueous ammonia solution and a sodium-hydroxide water 
solution preferably from it being easy to obtain the good granular solid solution. Furthermore, as a 
rate of an use rate of ammonia and a sodium hydroxide, the range of 1:0.05-100 (mole ratio) is 
good, and it is good to be preferably referred to as 1:2-3. 

[0025] (Production of this invention coat active material particle BA 0) The above-mentioned this 
invention active material particle AO It puts in into the cobalt sulfate water solution (concentration; 
10 % of the weight) of the amount of about 2 times, and under stirring, a sodium-hydroxide water 
solution is gradually added, as reaction mixture pH maintained in 10. Thereby, it is the active 
material particle AO. Since cobalt hydroxide deposited around and the front face of a particle was 
covered with cobalt hydroxide, the addition of a cobalt sulfate water solution was adjusted and 10% 
of the weight (value over a coated particle) of cobalt hydroxide was covered. The collection of this 
coated particle was carried out, and it rinsed and dried. It is this invention coat active material 
particle BA 0 about the following and this coated particle. It carries out. 

[0026] (Production of the comparison active material particle X) Above-mentioned this invention 
active material particle A<SUB> 0 Like the case of production, when setting total weight of a solid- 
solution particle to 100, the nickel-sulfate water solution (a liquid), the zinc-sulfate water solution 
(b liquid), and the cobalt sulfate water solution (c liquid) were prepared so that the metallic element 
weight fraction of zinc and cobalt might become 0.5 % of the weight and 2 % of the weight, 
respectively. Next, a liquid, b liquid, and c liquid were mixed, and under stirring, aqueous ammonia 
and a sodium-hydroxide water solution were gradually added so that pH of a reaction solution might 
be maintained by this mixed liquor 11. Since the solid-solution particle which uses nickel hydroxide 
as a principal component into a reaction solution by this generated and deposited, the collection of 
this was carried out, and it rinsed and dried. Hereafter, let this solid-solution particle be the 
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comparison active material particle X. 

[0027] In addition, this comparison active material particle X and this invention active material 
particle AO The distribution conditions of the cobalt compound in a particle differ, and the cobalt 
compound is mostly distributed in a particle by the comparison active material particle X at 
homogeneity. 

[0028] (Production of the comparison coat active material particle BX) Except having used the 
comparison active material particle X, it is this invention active material particle BA 0. The cobalt 
hydroxide enveloping layer was formed in the front face of X particle like the case of production. 
Let this particle be the comparison coat active material particle BX. 
[0029] [Production of various positive electrodes] 

(Production of the example positive electrode EA0 of this invention) this invention active material 
particle AO Two weight sections were mixed [ cobalt hydroxide powder (mean particle diameter; 
0.20 micrometers) ] with 90 weight sections for zinc-oxide powder (mean particle diameter; 0.65 
micrometers) with 10 weight sections, to this, the hydroxypropylcellulose water solution was added 
0.2% of the weight, 50 weight sections were kneaded, and the active material slurry was prepared. 
After filling up the foaming nickel object (porosity of 95%, thickness of about 1.6mm) with this 
active material slurry and drying, it rolled out and the nickel positive electrode with a thickness of 
0.6mm was produced. About this nickel positive electrode, it is the example positive electrode EA0 
of this invention. It carries out. 

[0030] This example positive electrode EA0 of this invention The cobalt hydroxide content powder 
(cobalt hydroxide powder, zinc-oxide powder) added separately is said this invention active 
material particle AO. It has the description at the point that the positive electrode consists of 
conditions of existing in near. 

[0031] in addition, the above-mentioned example positive electrode EA0 of this invention **** - 
although the cobalt hydroxide content powder which consists of cobalt hydroxide powder and zinc 
oxide powder was used, the mixed end of other third component other than a zinc oxide (postscript) 
and cobalt hydroxide can also be used as cobalt hydroxide content powder, for example, and the 
powder which consists only of cobalt hydroxide can also be used as cobalt hydroxide content 
powder. Namely, the "cobalt hydroxide content powder" in this description is used in the sense of 
"the powder which contained cobalt hydroxide at least." 

[0032] (Production of the example positive electrode EBA 0 of this invention) Said this invention 
coat active material particle BA 0 It is the example positive electrode EBA 0 of this invention like 
production of the above-mentioned example positive electrode EA0 of this invention except having 
used. It produced. 

[0033] This example positive electrode EBA 0 of this invention Said positive electrode EA0 
Although it is the same in presentation, it differs the following point. Namely, positive electrode 
EA0 It is the solid-solution particle AO then. It is a positive electrode EBA 0 to 10% of the weight 
of cobalt hydroxide being added with powder. 10% of the weight of cobalt hydroxide is the solid- 
solution particle AO. It is in the condition of having been covered by the front face. 
[0034] (Production of the example electrode EX of a comparison) Except having used said 
comparison active material X, it is the above-mentioned example positive electrode EA0 of this 
invention. The example electrode EX of a comparison was produced like production. 
[0035] (Production of the example electrode EBX of a comparison) Except having used said 
comparison active material particle BX, it is the above-mentioned example positive electrode EA0 
of this invention. The example electrode EBX of a comparison was produced like production. 
[0036] in addition, the above - setting - "E" - an electrode - meaning for example, "EA0" - 
this invention active material particle AO It means that it is the used electrode (positive electrode), 
moreover, the thing for which, as for "B", cobalt hydroxide is covered by the particle front face - 
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meaning — for example, "BAO" — this invention active material particle AO It means that it is the 
active material with which it considered as the mother particle and the cobalt hydroxide enveloping 
layer was formed in this front face. On these descriptions, the exception of the class of an active 
material and positive electrode is altogether written according to this direction for use. 
[0037] [Measurement and assessment] of an electrochemical property The simple cell and nickel 
hydrogen battery which were indicated below using the various positive electrodes produced above 
were constituted, and the discharge capacity and the over discharge property per unit active material 
weight of various positive active material were investigated using these cells. 
[0038] (Simple cell) The various above-mentioned positive electrodes and the well-known sintering 
type cadmium negative electrode which has a capacity bigger enough than this positive electrode 
are piled up through the separator which consists of a non-woven fabric, those both sides are 
inserted into the condition that a load is applied inside, with an acrylic board, and it makes with the 
electrode object of a couple. This electrode object was electrochemically immersed into the 
potassium-hydroxide water solution (concentration; about 25 % of the weight) of an excessive 
amount, and the open sand mold simple cell of geometric capacity 360mAh was constituted. 
[0039] (Nickel hydrogen battery) A winding electrode object is produced through the separator 
which consists the various above-mentioned positive electrodes and the following hydrogen storing 
metal alloy negative electrode with a larger capacity than this positive electrode of a non-woven 
fabric. After inserting this electrode object in the cell can and pouring in the potassium-hydroxide 
water solution of further seven to 8.5 convention, cell can opening was sealed and the closed mold 
nickel and the hydrogen battery of geometric capacity 1200mAh were constituted. 
[0040] The production approach of a hydrogen storing metal alloy negative electrode is as follows. 
Weighing capacity of each metallic element (commercial item) of Mm, nickel, Co, aluminum, and 
Mn was carried out so that it might be set to 1:3.4:0.8:0.2:0.6 by the stoichiometrical ratio, it was 
put into the RF fusion furnace, mixed fusion was carried out, coarse grinding of a hydrogen storing 
metal alloy ingot, and nothing and this alloy ingot was carried out, and mechanical grinding was 
further carried out before and behind the mean particle diameter of 150 micrometers. Subsequently, 
after applying and drying polyethylene oxide (binder) and water in the end of this alloy powder to 
optimum dose, in addition both sides of a charge collector which knead and consist an active 
material slurry, and nothing and this slurry of a punching metal, it pressed and the hydrogen storing 
metal alloy negative electrode with a thickness of about 0.4mm was produced. In addition, in order 
to prevent oxidation, casting of an alloy and grinding were performed under the inert gas ambient 
atmosphere. 

[0041] (Measuring condition of an electrochemical property) After the discharge capacity per unit 
active material weight charged the simple cell with the current value of 0.1 C (36mA) for 24 hours, 
it discharged until cell voltage amounted to 1.0V in the current value of 1/3C (120mA), it measured 
the discharge capacity at this time, and computed it according to the one following. 
[0042] 
[Equation 1] 

[0043] The over discharge property was based on the approach of charging with the current value of 
0.1C (120mA) to said closed mold nickel and hydrogen battery for 16 hours first, activating 3 cycle 
repeat ******** for the cycle of discharging until cell voltage amounts to 1.0V in the current value 
of 0.2C (240mA), performing charge and discharge on the following conditions to this activated 
battery, and calculating over discharge weighted solidity by the two following. 
[0044] 1) Charge until cell voltage reaches a peak and the amount of voltage drops from a peak 
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voltage value (-delta V value) amounts to lOmV in the current value of 1C (1200mA). 

2) Discharge after the pause of 1 hour until cell voltage amounts to 1.0V in the current value of 1C. 
The discharge capacity Wi (first time value) at this time is measured here. 

3) Perform compulsive discharge of 16 hours with the current value of 0.05C (60mA) succeeding. 

4) It is the discharge capacity Wf of 5 cycle repeat and 5 cycle eye about actuation of the above 1-3. 
It measures. 

[0045] 
[Equation 2] 

[0046] (Measurement result) The presentation of the various solid-solution particles produced above 
and the list of the descriptions are shown in a table 1. Moreover, while the presentation of the major 
component of the various electrodes which used and produced these solid-solution particles is 
shown in a table 2, the test result about an electrochemical property is shown collectively. 
[0047] 
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[0049] Positive electrode EA0 of a table 2 It sets to the result of EX and is this invention active 
material particle AO. Used positive electrode EA0 Notably high over discharge weighted solidity 
was shown as compared with the positive electrode EX using the comparison active material 
particle X. Here, it is a positive electrode EAO. As for a positive electrode EX, only the production 
approaches (existence of Co concentration gradient) of a solid-solution particle differ. Therefore, 
when the difference of result [ from the existence of Co concentration gradient ] of the over 
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discharge property of both positive electrodes is clear and low Co concentration gradient high on a 
particle surface is formed in a particle core in the solid-solution particle containing nickel hydroxide 
and a cobalt compound from this, it turns out that an over discharge property increases notably. 
[0050] By the way, the reason whose over discharge property will improve if a solid-solution 
particle is made to distribute a cobalt compound with a concentration gradient is considered as 
follows. The electric conduction network formed in a positive electrode is based on contact of an 
active material comrade. However, in order to raise the conductivity of an active material particle, 
when the cobalt compound of a large quantity is blended, the consistency of the nickel hydroxide 
(body of an active material) of a particle falls, and lowering of an energy density is caused. 
Therefore, as for the cobalt compound blended for the object of a conductive improvement, a little 
is more desirable as much as possible, and, for that, it is good to make a cobalt compound exist only 
in a particle front face. 

[0051] However, when a cobalt compound is made to exist only in a particle front face, by the 
solid-solution active material particle, the cobalt compound on the front face of a particle is spread 
inside a particle at the time of over discharge, and Co concentration falls. On the other hand, by the 
solid-solution active material particle which has low Co concentration gradient high on a particle 
front face in a particle core, since the cobalt concentration difference a particle surface and by the 
side of the direct Konnai is small, osmosis and diffusion inside [ of cobalt ] a particle are controlled. 
Moreover, since the cobalt concentration difference of the cobalt hydroxide powder and particle 
front face which are added separately and exist near the particle can also be made small, a high- 
concentration cobalt compound can be made to always exist near the particle front face. 
[0052] That is, in the positive electrode constituted using the solid-solution active material particle 
which has Co concentration gradient, the between [ particles ] electric conduction network formed 
through cobalt hydroxide maintains good conductivity at the time of over discharge. Therefore, 
compared with the positive electrode using the conventional solid-solution active material particle, 
an over discharge property improves notably. 

[0053] In addition, although a postscript is carried out, the third component, such as a zinc 
compound blended into the solid-solution particle, also acts so that diffusion of the cobalt at the 
time of over discharge may be controlled. Therefore, by this invention solid-solution active material 
particle, an operation of Co concentration gradient and an operation of the third component are put 
together, and a much more good over discharge property is acquired. Considering this, it is also 
desirable to give a concentration gradient by the same approach as a cobalt compound, and to 
distribute this zinc compound in a particle. 

[0054] Next, comparison examination of the result of a positive electrode EA0, and the EX and 
positive electrodes EB A and EBX 0 is carried out. It sets to a table 2 and is a positive electrode 
EA0. Positive electrode EBA 0 using a coat solid-solution particle Although it compared and over 
discharge weighted solidity fell a little, the discharge capacity per unit active material weight 
improved a little. This inclination was the same also between EX and EBX. 
[0055] Here, it is a positive electrode EA0. And EX and a positive electrode EBA 0 And only the 
existence of an enveloping layer differs, the former adds cobalt hydroxide with powder, and, as for 
EBX, the latter covers the cobalt hydroxide of the same amount as the former on a solid-solution 
particle front face. Therefore, it turns out that covering effect does not fully show up only by 
covering cobalt hydroxide on a solid-solution particle front face. Then, based on this result, the 
relation between the processing conditions of a cobalt hydroxide enveloping layer and an 
electrochemical property was investigated in the effect of the third component, such as zinc 
compounds other than nickel hydroxide and a cobalt compound, and a list, and, below, the 
conditions which may raise further the electrochemical property of a solid-solution particle of 
having Co concentration gradient were established. Hereafter, sequential explanation of the content 
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of examination is given. 

[0056] [Effect of the third component] The compound chosen from the group which consists of a 
zinc compound, cadmium compounds, a magnesium compound, and a manganese compound as the 
third component was used, and the solid-solution particle (the positive-active-material particle A 1 - 
A4) was produced with one, the nickel hydroxide, and the cobalt compound of these compounds. 
The production approach is said this invention active material AO except having changed the third 
class and blending ratio of coal of a component. It is the same and carried out about the approach of 
an electrochemical characteristic test as well as the above. 

[0057] The positive-active-material particle Al - A4 which changed the class of third component 
into a table 3 A presentation is shown. Moreover, to a table 4, they are the positive-active-material 
particle Al - A4. Positive-electrode EA1 -EA4 which used, respectively and was produced like said 
example positive electrode EAO of this invention The presentation of a major component and the 
result of an electrochemical characteristic test are shown. 
[0058] 
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[0059] 



[A table 4] 
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No. 
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A, - 90 


10 
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99 


103 


EA, 


A, - 90 


10 


2 


98 


103 


EA, 


A, - 90 


10 


2 


99 


104 


EA* 


A, - 90 


10 


2 


99 


102 



[0060] It sets to a table 4 and is positive-electrode EA1 -EA4. A big difference was not accepted in 
the discharge capacity and over discharge weighted solidity per unit active material weight. On the 
other hand, EA1 -EA4 Although the discharge capacity per unit active material weight fell weighted 
solidity slightly in said EAO (table 2 reference) and comparison, over discharge weighted solidity is 
said EAO. It compared and was improving clearly. 

[0061] Here, it is EA1 -EA4. Said EAO Since a difference is only the loadings of the third 
component, as for the above-mentioned result, it is clear to originate in the increment in the amount 
of third components. On the other hand, the over discharge property of the result of a table 2 and the 
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result of a table 4 to each solid-solution particle is the solid-solution particle X< solid-solution 
particle AO < solid-solution particle Al - A4. It turns out that it is improving in order. Furthermore, 
this invention persons have found out separately that the third components, such as a zinc 
compound, consider as the structure where cobalt cannot move the solid-solution crystalline 
structure easily, if the third components, such as a zinc compound, are blended with a cobalt 
compound. The following thing can be concluded from these knowledge. 
[0062] That is, while the third components, such as zinc, have the plus operation made into the 
structure where cobalt cannot move the nickel cobalt solid-solution crystalline structure easily, they 
also have a minus operation of reducing the nickel hydroxide consistency of the solid solution and 
reducing the discharge capacity per unit active material weight. Therefore, it is thought that the over 
discharge property of A4 [ Al with more additions of the third component than AO (0.5 wt%) - ] 
(2wt%) improved notably by Al - A4 according to a plus operation of the third component although 
the minus operation of the third component appeared to some extent and the discharge capacity per 
unit active material weight fell slightly. Although it is necessary to make the loadings of the third 
component proper in order to demonstrate an operation of the third components, such as zinc, with 
sufficient convenience from this, the solid-solution internal transmigration of the cobalt compound 
at the time of over discharge can be effectively controlled according to a having-two-incomes 
operation with an operation of Co concentration gradient, without reducing most discharge capacity 
per unit active material weight, when the amounts of third components, such as a zinc compound, 
are made into 2% (metallic element weight % display). 

[0063] [Processing conditions of a cobalt hydroxide enveloping layer] Alkali heat treatment was 
carried out on condition that the following to the coat solid-solution particle (BA0), and the 
conditions which can raise an electrochemical property further were examined. 
[0064] (Alkali heat treatment conditions) Said coat active material particle BA 0 The coat active 
material particle [ finishing / heat-treat in the heating air of each temperature for 3 hours, and / 
alkali heat treatment / after carrying out impregnation of 25% of the weight of the sodium- 
hydroxide water solution ] H-l, H-2, H-3, H-4, H-5, and H-6 It produced. Moreover, in order to 
investigate the class and effect of alkali, 25% of the weight of the hydroxylation KARIUMUMU 
water solution was used instead of the above-mentioned sodium-hydroxide water solution, 
whenever [ stoving temperature ] was made into 80 degrees C, and the heat-treated [ alkali ] coat 
active material particle H-7 was produced for other conditions like the above. 
[0065] Subsequently, each above-mentioned particle is used and it is a positive electrode EBA 0. 
While producing the positive electrode like the case, the electrochemical property was investigated 
by the same approach as the above. The result is shown in a table 5 with alkali heat treatment 
conditions. 
[0066] 
[A table 5] 
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1 0 1. 0 
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1 0 4. 0 


1 0 1. 0 
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1 0 7. 1 


10 3. 0 




NaOH 
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1 0 6. 1 


10 3. 0 


H-5 


NaOH 


100 


10 4. 0 


101. 0 


H-6 


NaOH 


120 


9 8. 0 


9 8. 1 


H-7 


KOH 


80 


10 7. 1 


10 4. 0 



[0067] the coat active material particle H-2 which carried out alkali heat treatment in a table 5, H-3, 
H-4, and H-5 -- the coat active material particle BA 0 (table 2 reference) of non-alkali heat 
treatment - comparing - both the discharge capacity per unit active material weight, and over 
discharge weighted solidity - although - it was improving. However, H-l (heat treatment 
temperature of 30 degrees C) is BAO. The same weighted solidity was shown and the discharge 
capacity per unit active material weight was falling in H-6 (heat treatment temperature of 120 
degrees C). When it is desirable to consider as 40 degrees C - 100 degrees C as for alkali heat 
treatment temperature and alkali heat treatment is performed to a coat active material particle on 
this condition from this, an electrochemical property increases notably. 
[0068] On the other hand, H-7 which performed alkali heat treatment using the potassium- 
hydroxide water solution showed the electrochemical property which was further superior to H-2 to 
H-5. It is good to use a potassium hydroxide preferably as an alkali metal in alkali heat treatment 
from this. 

[0069] In addition, it thinks to change to the high order cobalt compound more than divalent [ the 
cobalt compound of an enveloping layer excels / divalent / in conductivity ], and for an enveloping 
layer to change to the electrolytic solution and the description it is easy to get used to, and it is **** 
that an electrochemical property improves by alkali heat treatment. 

[Effect of the Invention] As explained above, it consists of solid-solution active material particles 
concerning this invention so that a cobalt compound may be distributed in an active material 
particle with a concentration gradient and it may exist in a particle surface at high concentration, 
therefore, compared with the conventional solid-solution active material particle which the cobalt 
compound distributed to homogeneity at the whole particle, particle conductivity can be efficiently 
raised as combination of a small quantity of a cobalt compound is also, and since particle surfaces 
and the inside direct nearness of those have few cobalt concentration differences with the inside 
latest (the following - the same), in connection with charge and discharge, it is hard to diffuse the 
cobalt compound on the front face of a particle inside a particle moreover. 
[0070] Furthermore, since one or more sorts of compounds (the third component) chosen as this 
solid-solution active material particle from the group which consists of a zinc compound, cadmium 
compounds, a magnesium compound, and a manganese compound are blended, it acts so that this 
compound may control diffusion of a cobalt compound, and the effectiveness of the above- 
mentioned Co concentration gradient is reinforced. 
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[0071] Furthermore, like the above-mentioned explanation, in connection with charge and 
discharge, the solid-solution active material particle which has such a property again is used as a 
principal component, and they do not decrease in number [ the cobalt compounds of powder 
addition are spread and ] inside an active material particle from a reason in this invention positive 
active material which comes to blend cobalt hydroxide powder with this separately. Therefore, the 
cobalt hydroxide which always exists in high concentration near the particle front face maintains the 
conductivity between particles suitably. 

[0072] On the other hand, cobalt hydroxide is replaced with adding with powder, and cobalt 
hydroxide is covered with the coat active material particle concerning this invention on the particle 
front face. By such coat active material particle, since it exists after cobalt hydroxide has always 
stuck to the particle front face, compared with the case where cobalt hydroxide is added with 
powder, the conductive improvement effectiveness of cobalt hydroxide is demonstrated 
advantageously. 

[0073] Furthermore, in this invention, alkali heat treatment of such a coat active material particle is 
carried out, an enveloping layer is reformed to suitable description, and there is drawing about 
improvement in much more electrochemical property. That is, when alkali heat treatment is 
performed to a coat active material particle, while the cobalt compound which constitutes an 
enveloping layer changes to the cobalt compound more than divalent [ which was more excellent in 
conductivity ], an enveloping layer will become porous and contact nature with the electrolytic 
solution will become good, therefore , when a positive electrode be constitute from such a coat 
active material particle , an electric conduction network suitable in a positive electrode be form , 
and since contact nature with the electrolytic solution be also good , while the effectiveness of the 
above-mentioned Co concentration gradient and the effectiveness of the third component be also 
add , the current collection effectiveness be a fault in the so-called paste type be improve and the 
utilization factor of an electrode active material improve substantially , the electric capacity per unit 
active material weight ( an energy density ) increase . And especially this effectiveness is notably 
demonstrated at the time of over discharge. 

[0074] moreover, certain by the comparatively simple approach according to this invention 
manufacture approach — and it is stabilized and the above outstanding solid-solution active material 
particles and coat active material particles can be manufactured. Therefore, the effectiveness that 
the electric capacity per unit active material weight is high, and can supply cheaply the positive 
active material for alkaline batteries excellent in the over discharge property is acquired. 

TECHNICAL FIELD 



[Field of the Invention] This invention relates to a solid-solution particle and amelioration of the 
made nickel hydroxide active material with nickel hydroxide and a cobalt compound in detail about 
the positive active material for alkaline batteries. 

[Description of the Prior Art] There are the so-called sintering type which fills up with an active 
material the sintering type substrate which sintered nickel powder, and the so-called paste type 
which fills up the nickel porous body of high porosity, such as a nickel fiber sintering porous body 
and a foaming nickel porous body, with a paste-like active material in the process of the nickel 
positive electrode for alkaline batteries. However, a sintering type has complicated restoration of an 
active material, and since a limitation is in high porosity of a substrate, it has the fault of being hard 
to attain high energy consistency of an electrode. For this reason, in recent years, the paste-type 
nickel positive electrode using a high porosity nickel object is becoming in use in order to respond 
to the request of the formation of a high energy consistency of a cell, and low-pricing. 
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[0003] However, although the high density restoration to a porous body is possible for a paste type, 
since its pole diameter of the porous body which functions as a charge collector is large, it becomes 
inadequate electric contacting it a porous body and an active material, and it has the fault that 
current collection effectiveness is bad. For this reason, there is a problem [ capacity / of the active 
material with which high density was filled up / generation-of-electrical-energy ] that there is 
enough no cash-drawer profit. 

[0004] Then, it aims at improving the fault of such a paste type conventionally. ** The technique 
(JP,62-222566,A) which forms the enveloping layer of cobalt hydroxide in the front face of the 
solid-solution active material powder containing nickel hydroxide, cadmium hydroxide, or cobalt 
hydroxide, ** Consider as the technique (JP,3-62457,A) which forms the solid solution of nickel 
hydroxide and cobalt hydroxide in the surface section of nickel hydroxide, and the technique which 
improved the technique of a publication further to said JP,62-222566,A further. ** The technique 
(JP,5-151962,A) of giving the hydrophilic organic substance film on the enveloping layer 
containing the cobalt compound formed in the nickel hydroxide front face etc. is proposed. Since 
active material particle mutual conductivity improves when these techniques are applied, the engine 
performance of a nickel positive electrode can be raised. 

EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, it consists of solid-solution active material particles 
concerning this invention so that a cobalt compound may be distributed in an active material 
particle with a concentration gradient and it may exist in a particle surface at high concentration, 
therefore, compared with the conventional solid-solution active material particle which the cobalt 
compound distributed to homogeneity at the whole particle, particle conductivity can be efficiently 
raised as combination of a small quantity of a cobalt compound is also, and since particle surfaces 
and the inside direct nearness of those have few cobalt concentration differences with the inside 
latest (the following - the same), in connection with charge and discharge, it is hard to diffuse the 
cobalt compound on the front face of a particle inside a particle moreover. 
[0070] Furthermore, since one or more sorts of compounds (the third component) chosen as this 
solid-solution active material particle from the group which consists of a zinc compound, cadmium 
compounds, a magnesium compound, and a manganese compound are blended, it acts so that this 
compound may control diffusion of a cobalt compound, and the effectiveness of the above- 
mentioned Co concentration gradient is reinforced. 

[0071] Furthermore, like the above-mentioned explanation, in connection with charge and 
discharge, the solid-solution active material particle which has such a property again is used as a 
principal component, and they do not decrease in number [ the cobalt compounds of powder 
addition are spread and ] inside an active material particle from a reason in this invention positive 
active material which comes to blend cobalt hydroxide powder with this separately. Therefore, the 
cobalt hydroxide which always exists in high concentration near the particle front face maintains the 
conductivity between particles suitably. 

[0072] On the other hand, cobalt hydroxide is replaced with adding with powder, and cobalt 
hydroxide is covered with the coat active material particle concerning this invention on the particle 
front face. By such coat active material particle, since it exists after cobalt hydroxide has always 
stuck to the particle front face, compared with the case where cobalt hydroxide is added with 
powder, the conductive improvement effectiveness of cobalt hydroxide is demonstrated 
advantageously. 

[0073] Furthermore, in this invention, alkali heat treatment of such a coat active material particle is 
carried out, an enveloping layer is reformed to suitable description, and there is drawing about 
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improvement in much more electrochemical property. That is, when alkali heat treatment is 
performed to a coat active material particle, while the cobalt compound which constitutes an 
enveloping layer changes to the cobalt compound more than divalent [ which was more excellent in 
conductivity ], an enveloping layer will become porous and contact nature with the electrolytic 
solution will become good, therefore , when a positive electrode be constitute from such a coat 
active material particle , an electric conduction network suitable in a positive electrode be form , 
and since contact nature with the electrolytic solution be also good , while the effectiveness of the 
above-mentioned Co concentration gradient and the effectiveness of the third component be also 
add , the current collection effectiveness be a fault in the so-called paste type be improve and the 
utilization factor of an electrode active material improve substantially , the electric capacity per unit 
active material weight ( an energy density ) increase . And especially this effectiveness is notably 
demonstrated at the time of over discharge. 

[0074] moreover, certain by the comparatively simple approach according to this invention 
manufacture approach — and it is stabilized and the above outstanding solid-solution active material 
particles and coat active material particles can be manufactured. Therefore, the effectiveness that 
the electric capacity per unit active material weight is high, and can supply cheaply the positive 
active material for alkaline batteries excellent in the over discharge property is acquired. 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, with the above-mentioned technique, the 
following troubles are not solvable. That is, although this cobalt hydroxide raises the conductivity 
between active material particles when cobalt hydroxide is arranged on a nickel hydroxide particle 
front face, the cobalt hydroxide on the front face of a particle is diffused inside nickel hydroxide at 
the time of over discharge, and the phenomenon in which the amount of cobalt hydroxide on the 
front face of a particle decreases produces it. For this reason, the conductivity of an active material 
particle falls, that utilization factor falls, and there is a problem of it becoming impossible to take 
out sufficient cell capacity especially at the time of over discharge. In order to cause relative 
reduction of the amount of nickel hydroxide (amount of the body of an active material), it becomes 
impossible however, to fully raise an energy density by the approach of counting upon said 
diffusion and arranging a lot of cobalt hydroxide on a particle front face or the whole active material 
beforehand. 

[0006] Moreover, since the technique of the aforementioned ** is a technique in which it prevents 
physically that a cobalt kind dissipates into the electrolytic solution by giving the hydrophilic 
organic substance film on an enveloping layer, it cannot control the phenomenon diffused inside a 
mother particle also with this technique. 

[0007] This invention aims at offering the manufacture approach of the positive active material for 
alkaline batteries which is made in order to solve the trouble in said conventional technique, is 
effectively raised as a small quantity of a cobalt compound is also about the conductivity between 
active material particles, and the cobalt compound near the mother particle front face does not 
diffuse inside a nickel hydroxide mother particle at the time of over discharge, and such positive 
active material for alkaline batteries. 

MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned object, this invention has 
the following description. Invention according to claim 1 is positive active material for alkaline 
batteries which uses as an indispensable component the solid-solution particle which contains nickel 
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hydroxide and a cobalt compound at least, and said solid-solution particle is characterized by having 
the cobalt concentration gradient which decreases toward a particle core highly on a particle 
surface. 

[0009] Invention according to claim 2 is characterized by forming in the front face of said solid- 
solution particle the cobalt hydroxide enveloping layer which has the cobalt concentration of a 
particle surface, and the cobalt concentration more than an EQC in the positive active material for 
alkaline batteries according to claim 1. 

[0010] Invention according to claim 3 is positive active material for alkaline batteries according to 
claim 2 characterized by having considered as the cobalt compound with which the cobalt 
hydroxide in said cobalt hydroxide enveloping layer exceeds divalent by heat-treating the solid- 
solution particle in which the enveloping layer was formed under coexistence of alkali and oxygen. 
[001 1] Invention according to claim 4 is characterized by the positive active material for alkaline 
batteries according to claim 1 containing said solid-solution particle and the cobalt hydroxide 
content powder which has the cobalt concentration of said solid-solution particle surface, and the 
cobalt concentration more than an EQC. 

[0012] Invention according to claim 5 is characterized by containing one or more sorts of 
compounds chosen from the group which said solid-solution particle becomes from a zinc 
compound, cadmium compounds, a magnesium compound, and a manganese compound further in 
claim 1 thru/or the positive active material for alkaline batteries according to claim 4. 
[0013] To the bottom nickel salt solution of stirring, invention according to claim 6 pours a cobalt 
salt solution so that it may increase continuously [ a cobalt salt addition ] or gradually. By pouring 
an alkali solution in concurrency with this, and maintaining the reaction solution pH to a 
predetermined value [0014] characterized by being the manufacture approach of the solid-solution 
active material particle for alkaline batteries equipped with the solid-solution particle making 
process which produces the nickel cobalt solid-solution particle which has a low cobalt 
concentration gradient high on a particle surface in a particle core Invention according to claim 7 is 
characterized by making ammonia exist in a reaction solution in the solid-solution particle making 
process of the manufacture approach of the solid-solution active material particle for alkaline 
batteries according to claim 6. 

[0015] Invention according to claim 8 is set to the manufacture approach of claim 6 thru/or the 
solid-solution active material particle for alkaline batteries according to claim 7. Furthermore, 
stirring distribution of said nickel cobalt solid-solution particle is carried out at the cobalt salt 
solution which dissolved cobalt salt at least. By pouring an alkali solution into these stirring 
dispersion liquid, and adjusting dispersion liquid pH to a predetermined value, a cobalt compound is 
deposited and it is characterized by having the enveloping layer formation process which forms a 
cobalt hydroxide enveloping layer in the front face of said nickel cobalt solid-solution particle. 
[0016] In the manufacture approach of the solid-solution active material particle for alkaline 
batteries according to claim 8, after invention according to claim 9 carries out impregnation of the 
alkali-metal solution to the coat solid-solution particle produced with said enveloping layer 
formation process further, it is characterized by having the alkali heat treatment process heat-treated 
under oxygen existence. 

[0017] Invention according to claim 10 is characterized by said alkali-metal solution being a 
potassium hydroxide solution in the manufacture approach of the solid-solution active material 
particle for alkaline batteries according to claim 9. 

[0018] Invention according to claim 1 1 is characterized by the temperature of said heat treatment 
being 40-100 degrees C in the manufacture approach of claim 9 thru/or the solid-solution active 
material particle for alkaline batteries according to claim 10. 
[0019] 
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[Embodiment of the Invention] The gestalt of operation of this invention is clarified by explaining 
the production approach of the nickel solid-solution active material particle concerning this 
invention, and the manufacture approach of the positive electrode using this solid-solution active 
material particle hereafter, and explaining the electrochemical property of various solid-solution 
active material particles by the cell which incorporated this positive electrode after that. 
[0020] [Production of various solid-solution active material particles] 

(Production of this invention active material particle AO) First, when setting total weight of a solid- 
solution particle to 100, the nickel-sulfate water solution (a liquid), the zinc-sulfate water solution 
(b liquid), and the cobalt sulfate water solution (c liquid) were prepared so that the metallic element 
weight fraction of zinc and cobalt might become 0.5 % of the weight and 2 % of the weight, 
respectively. Next, while adding said c liquid, controlling the amount of pouring to increase 
gradually [ the amount of pouring per unit time amount ], or continuously, carrying out stirring 
mixing of said a liquid and b liquid, and continuing stirring mixing to this ab liquid, aqueous 
ammonia and a sodium-hydroxide water solution were gradually added so that pH of an abc 
reaction solution might be maintained by the predetermined value in concurrency with this. Since 
the active material particle which uses nickel hydroxide as a principal component into an abc 
reaction solution by this generated and deposited, this was extracted, it rinsed and dried and the 
nickel cobalt solid-solution particle was obtained. It is this invention active material particle AO 
about this following and nickel cobalt solid-solution particle. It carries out. 

[0021] When each solution is made to react by the approach of increasing gradually or continuously 
the amount of pouring of c liquid to ab liquid as mentioned above, the solid-solution particle which 
consists of three components of a nickel compound, a zinc compound, and a cobalt compound is 
obtained, and this solid-solution particle becomes what the cobalt compound distributed in the 
particle with the concentration gradient (henceforth Co concentration gradient) low and high on a 
particle front face inside the particle. 

[0022] In addition, although the concentration and the amount of each liquid of the above a, b, and c 
used are good to take a reaction condition etc. into consideration and to carry out adjustable 
suitably, when concentration of a, b, and c each liquid is made into 20 % of the weight and each 
liquid of this concentration is used by the ratio of a:b:c=5000:42.2: 168.5 by the weight ratio for 
example, the solid-solution particle of the above-mentioned metallic element weight fraction is 
obtained. In the above, the solid-solution particle was created according to this approach. 
[0023] Moreover, when all the pouring volume of c liquid is set to 100 as an example of the pouring 
approach of c liquid, for example, To the 1st time at its 1 / the 100 or 2nd time 3/100, To the 3rd 
time, 5 / method of increasing [ 7 / the 100 or 5th time / 1 1 / the 100 or 7th time / 13 / the 100 or 8th 
time / 15 / the 100 or 9th time / 17 / the 100 or 10th time / **** of 19/100 ] pouring volume 
gradually to 9 / the 100 or 6th time the 100 or 4th time, The approach of raising the cobalt salt 
concentration of pouring liquid gradually or continuously is mentioned by preparing a high- 
concentration cobalt salt solution and a low-concentration cobalt salt solution, and changing the 
mixed ratio of both solutions gradually or continuously. 

[0024] Furthermore, although what is necessary is just to adjust pH of the above-mentioned reaction 
solution suitably in 10-12, it is good to be preferably referred to as pHl 1 from the field of the shape 
of reaction yield or corpuscular character. Moreover, although especially the alkali for pH 
adjustment of a reaction solution is not limited and only a sodium-hydroxide water solution can also 
perform it, it is good to use together an aqueous ammonia solution and a sodium-hydroxide water 
solution preferably from it being easy to obtain the good granular solid solution. Furthermore, as a 
rate of an use rate of ammonia and a sodium hydroxide, the range of 1:0.05-100 (mole ratio) is 
good, and it is good to be preferably referred to as 1:2-3. 

[0025] (Production of this invention coat active material particle BA 0) The above-mentioned this 
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invention active material particle AO It puts in into the cobalt sulfate water solution (concentration; 
10 % of the weight) of the amount of about 2 times, and under stirring, a sodium-hydroxide water 
solution is gradually added, as reaction mixture pH maintained in 10. Thereby, it is the active 
material particle AO. Since cobalt hydroxide deposited around and the front face of a particle was 
covered with cobalt hydroxide, the addition of a cobalt sulfate water solution was adjusted and 10% 
of the weight (value over a coated particle) of cobalt hydroxide was covered. The collection of this 
coated particle was carried out, and it rinsed and dried. It is this invention coat active material 
particle BA 0 about the following and this coated particle. It carries out. 
[0026] (Production of the comparison active material particle X) The above-mentioned this 
invention active material particle AO Like the case of production, when setting total weight of a 
solid-solution particle to 100, the nickel-sulfate water solution (a liquid), the zinc-sulfate water 
solution (b liquid), and the cobalt sulfate water solution (c liquid) were prepared so that the metallic 
element weight fraction of zinc and cobalt might become 0.5 % of the weight and 2 % of the 
weight, respectively. Next, a liquid, b liquid, and c liquid were mixed, and under stirring, aqueous 
ammonia and a sodium-hydroxide water solution were gradually added so that pH of a reaction 
solution might be maintained by this mixed liquor 11. Since the solid-solution particle which uses 
nickel hydroxide as a principal component into a reaction solution by this generated and deposited, 
the collection of this was carried out, and it rinsed and dried. Hereafter, let this solid-solution 
particle be the comparison active material particle X. 

[0027] In addition, this comparison active material particle X and this invention active material 
particle AO The distribution conditions of the cobalt compound in a particle differ, and the cobalt 
compound is mostly distributed in a particle by the comparison active material particle X at 
homogeneity. 

[0028] (Production of the comparison coat active material particle BX) Except having used the 
comparison active material particle X, it is this invention active material particle BA 0. The cobalt 
hydroxide enveloping layer was formed in the front face of X particle like the case of production. 
Let this particle be the comparison coat active material particle BX. 
[0029] [Production of various positive electrodes] 

(Production of the example positive electrode EA0 of this invention) this invention active material 
particle AO Two weight sections were mixed [ cobalt hydroxide powder (mean particle diameter; 
0.20 micrometers) ] with 90 weight sections for zinc-oxide powder (mean particle diameter; 0.65 
micrometers) with 10 weight sections, to this, the hydroxypropylcellulose water solution was added 
0.2% of the weight, 50 weight sections were kneaded, and the active material slurry was prepared. 
After filling up the foaming nickel object (porosity of 95%, thickness of about 1.6mm) with this 
active material slurry and drying, it rolled out and the nickel positive electrode with a thickness of 
0.6mm was produced. About this nickel positive electrode, it is the example positive electrode EA0 
of this invention. It carries out. 

[0030] This example positive electrode EA0 of this invention The cobalt hydroxide content powder 
(cobalt hydroxide powder, zinc-oxide powder) added separately is said this invention active 
material particle AO. It has the description at the point that the positive electrode consists of 
conditions of existing in near. 

[0031] in addition, the above-mentioned example positive electrode EA0 of this invention **** - 
although the cobalt hydroxide content powder which consists of cobalt hydroxide powder and zinc 
oxide powder was used, the mixed end of other third component other than a zinc oxide (postscript) 
and cobalt hydroxide can also be used as cobalt hydroxide content powder, for example, and the 
powder which consists only of cobalt hydroxide can also be used as cobalt hydroxide content 
powder. Namely, the "cobalt hydroxide content powder" in this description is used in the sense of 
"the powder which contained cobalt hydroxide at least." 
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[0032] (Production of the example positive electrode EBA 0 of this invention) Said this invention 
coat active material particle BA 0 It is the example positive electrode EBA 0 of this invention like 
production of the above-mentioned example positive electrode EAO of this invention except having 
used. It produced. 

[0033] This example positive electrode EBA 0 of this invention Said positive electrode EAO 
Although it is the same in presentation, it differs the following point. Namely, positive electrode 
EAO It is the solid-solution particle AO then. It is a positive electrode EBA 0 to 10% of the weight 
of cobalt hydroxide being added with powder. 10% of the weight of cobalt hydroxide is the solid- 
solution particle AO. It is in the condition of having been covered by the front face. 
[0034] (Production of the example electrode EX of a comparison) Except having used said 
comparison active material X, it is the above-mentioned example positive electrode EAO of this 
invention. The example electrode EX of a comparison was produced like production. 
[0035] (Production of the example electrode EBX of a comparison) Except having used said 
comparison active material particle BX, it is the above-mentioned example positive electrode EAO 
of this invention. The example electrode EBX of a comparison was produced like production. 
[0036] in addition, the above - setting - "E" - an electrode - meaning - for example, "EAO" - 
this invention active material particle AO It means that it is the used electrode (positive electrode), 
moreover, the thing for which, as for "B", cobalt hydroxide is covered by the particle front face - 
meaning - for example, "BA0" - this invention active material particle AO It means that it is the 
active material with which it considered as the mother particle and the cobalt hydroxide enveloping 
layer was formed in this front face. On these descriptions, the exception of the class of an active 
material and positive electrode is altogether written according to this direction for use. 
[0037] [Measurement and assessment] of an electrochemical property The simple cell and nickel 
hydrogen battery which were indicated below using the various positive electrodes produced above 
were constituted, and the discharge capacity and the over discharge property per unit active material 
weight of various positive active material were investigated using these cells. 
[0038] (Simple eel) The various above-mentioned positive electrodes and the well-known sintering 
type cadmium negative electrode which has a capacity bigger enough than this positive electrode 
are piled up through the separator which consists of a non-woven fabric, those both sides are 
inserted into the condition that a load is applied inside, with an acrylic board, and it makes with the 
electrode object of a couple. This electrode object was electrochemically immersed into the 
potassium-hydroxide water solution (concentration; about 25 % of the weight) of an excessive 
amount, and the open sand mold simple cell of geometric capacity 360mAh was constituted. 
[0039] (Nickel hydrogen battery) A winding electrode object is produced through the separator 
which consists the various above-mentioned positive electrodes and the following hydrogen storing 
metal alloy negative electrode with a larger capacity than this positive electrode of a non-woven 
fabric. After inserting this electrode object in the cell can and pouring in the potassium-hydroxide 
water solution of further seven to 8.5 convention, cell can opening was sealed and the closed mold 
nickel and the hydrogen battery of geometric capacity 1200mAh were constituted. 
[0040] The production approach of a hydrogen storing metal alloy negative electrode is as follows. 
Weighing capacity of each metallic element (commercial item) of Mm, nickel, Co, aluminum, and 
Mn was carried out so that it might be set to 1:3.4:0.8:0.2:0.6 by the stoichiometrical ratio, it was 
put into the RF fusion furnace, mixed fusion was carried out, coarse grinding of a hydrogen storing 
metal alloy ingot, and nothing and this alloy ingot was carried out, and mechanical grinding was 
further carried out before and behind the mean particle diameter of 150 micrometers. Subsequently, 
after applying and drying polyethylene oxide (binder) and water in the end of this alloy powder to 
optimum dose, in addition both sides of a charge collector which knead and consist an active 
material slurry, and nothing and this slurry of a punching metal, it pressed and the hydrogen storing 
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metal alloy negative electrode with a thickness of about 0.4mm was produced. In addition, in order 
to prevent oxidation, casting of an alloy and grinding were performed under the inert gas ambient 
atmosphere. 

[0041] (Measuring condition of an electrochemical property) After the discharge capacity per unit 
active material weight charged the simple cell with the current value of 0.1 C (36mA) for 24 hours, 
it discharged until cell voltage amounted to 1.0V in the current value of 1/3C (120mA), it measured 
the discharge capacity at this time, and computed it according to the one following. 
[0042] 
[Equation 1] 

[0043] The over discharge property was based on the approach of charging with the current value of 
0.1C (120mA) to said closed mold nickel and hydrogen battery for 16 hours first, activating 3 cycle 
repeat ******** for the cycle of discharging until cell voltage amounts to 1.0V in the current value 
of 0.2C (240mA), performing charge and discharge on the following conditions to this activated 
battery, and calculating over discharge weighted solidity by the two following. 
[0044] 1) Charge until cell voltage reaches a peak and the amount of voltage drops from a peak 
voltage value (-delta V value) amounts to lOmV in the current value of 1C (1200mA). 

2) Discharge after the pause of 1 hour until cell voltage amounts to 1.0V in the current value of 1C. 
The discharge capacity Wi (first time value) at this time is measured here. 

3) Perform compulsive discharge of 16 hours with the current value of 0.05C (60mA) succeeding. 

4) It is the discharge capacity Wf of 5 cycle repeat and 5 cycle eye about actuation of the above 1-3. 
It measures. 

[0045] 
[Equation 2] 

[0046] (Measurement result) The presentation of the various solid-solution particles produced above 
and the list of the descriptions are shown in a table 1. Moreover, while the presentation of the major 
component of the various electrodes which used and produced these solid-solution particles is 
shown in a table 2, the test result about an electrochemical property is shown collectively. 
[0047] 

; A table 1 ] 
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0.5 
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A 0 -90 


10 


2 


10 0 (#) 


10 0 (#) 


EBAo 


BAo 100 




2 


101 


9 9. 1 


EX 


X- 90 


10 


2 


100 


9 4. 3 


EBX 


X - 100 




2 


1 0 1 


9 2. 5 



[0049] Positive electrode EAO of a table 2 It sets to the result of EX and is this invention active 
material particle AO. Used positive electrode EAO Notably high over discharge weighted solidity 
was shown as compared with the positive electrode EX using the comparison active material 
particle X. Here, it is a positive electrode EAO. As for a positive electrode EX, only the production 
approaches (existence of Co concentration gradient) of a solid-solution particle differ. Therefore, 
when the difference of result [ from the existence of Co concentration gradient ] of the over 
discharge property of both positive electrodes is clear and low Co concentration gradient high on a 
particle surface is formed in a particle core in the solid-solution particle containing nickel hydroxide 
and a cobalt compound from this, it turns out that an over discharge property increases notably. 
[0050] By the way, the reason whose over discharge property will improve if a solid-solution 
particle is made to distribute a cobalt compound with a concentration gradient is considered as 
follows. The electric conduction network formed in a positive electrode is based on contact of an 
active material comrade. However, in order to raise the conductivity of an active material particle, 
when the cobalt compound of a large quantity is blended, the consistency of the nickel hydroxide 
(body of an active material) of a particle falls, and lowering of an energy density is caused. 
Therefore, as for the cobalt compound blended for the object of a conductive improvement, a little 
is more desirable as much as possible, and, for that, it is good to make a cobalt compound exist only 
in a particle front face. 

[0051] However, when a cobalt compound is made to exist only in a particle front face, by the 
solid-solution active material particle, the cobalt compound on the front face of a particle is spread 
inside a particle at the time of over discharge, and Co concentration falls. On the other hand, by the 
solid-solution active material particle which has low Co concentration gradient high on a particle 
front face in a particle core, since the cobalt concentration difference a particle surface and by the 
side of the direct Konnai is small, osmosis and diffusion inside [ of cobalt ] a particle are controlled. 
Moreover, since the cobalt concentration difference of the cobalt hydroxide powder and particle 
front face which are added separately and exist near the particle can also be made small, a high- 
concentration cobalt compound can be made to always exist near the particle front face. 
[0052] That is, in the positive electrode constituted using the solid-solution active material particle 
which has Co concentration gradient, the between [ particles ] electric conduction network formed 
through cobalt hydroxide maintains good conductivity at the time of over discharge. Therefore, 
compared with the positive electrode using the conventional solid-solution active material particle, 
an over discharge property improves notably. 

[0053] In addition, although a postscript is carried out, the third component, such as a zinc 
compound blended into the solid-solution particle, also acts so that diffusion of the cobalt at the 
time of over discharge may be controlled. Therefore, by this invention solid-solution active material 
particle, an operation of Co concentration gradient and an operation of the third component are put 



together, and a much more good over discharge property is acquired. Considering this, it is also 
desirable to give a concentration gradient by the same approach as a cobalt compound, and to 
distribute this zinc compound in a particle. 

[0054] Next, comparison examination of the result of a positive electrode EAO, and the EX and 
positive electrodes EBA and EBX 0 is carried out. It sets to a table 2 and is a positive electrode 
EAO. Positive electrode EBA 0 using a coat solid-solution particle Although it compared and over 
discharge weighted solidity fell a little, the discharge capacity per unit active material weight 
improved a little. This inclination was the same also between EX and EBX. 
[0055] Here, it is a positive electrode EAO. And EX and a positive electrode EBA 0 And only the 
existence of an enveloping layer differs, the former adds cobalt hydroxide with powder, and, as for 
EBX, the latter covers the cobalt hydroxide of the same amount as the former on a solid-solution 
particle front face. Therefore, it turns out that covering effect does not fully show up only by 
covering cobalt hydroxide on a solid-solution particle front face. Then, based on this result, the 
relation between the processing conditions of a cobalt hydroxide enveloping layer and an 
electrochemical property was investigated in the effect of the third component, such as zinc 
compounds other than nickel hydroxide and a cobalt compound, and a list, and, below, the 
conditions which may raise further the electrochemical property of a solid-solution particle of 
having Co concentration gradient were established. Hereafter, sequential explanation of the content 
of examination is given. 

[0056] [Effect of the third component] The compound chosen from the group which consists of a 
zinc compound, cadmium compounds, a magnesium compound, and a manganese compound as the 
third component was used, and the solid-solution particle (the positive-active-material particle Al - 
A4) was produced with one, the nickel hydroxide, and the cobalt compound of these compounds. 
The production approach is said this invention active material AO except having changed the third 
class and blending ratio of coal of a component. It is the same and carried out about the approach of 
an electrochemical characteristic test as well as the above. 

[0057] The positive-active-material particle Al - A4 which changed the class of third component 
into a table 3 A presentation is shown. Moreover, to a table 4, they are the positive-active-material 
particle Al - A4. Positive-electrode EA1 -EA4 which used, respectively and was produced like said 
example positive electrode EAO of this invention The presentation of a major component and the 
result of an electrochemical characteristic test are shown. 
[0058] 
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[0060] It sets to a table 4 and is positive-electrode EA1 -EA4. A big difference was not accepted in 
the discharge capacity and over discharge weighted solidity per unit active material weight. On the 
other hand, EA1 -EA4 Although the discharge capacity per unit active material weight fell weighted 
solidity slightly in said EAO (table 2 reference) and comparison, over discharge weighted solidity is 
said EAO. It compared and was improving clearly. 

[0061] Here, it is EA1 -EA4. Said EAO Since a difference is only the loadings of the third 
component, as for the above-mentioned result, it is clear to originate in the increment in the amount 
of third components. On the other hand, the over discharge property of the result of a table 2 and the 
result of a table 4 to each solid-solution particle is the solid-solution particle X< solid-solution 
particle AO < solid-solution particle A 1 - A4. It turns out that it is improving in order. Furthermore, 
this invention persons have found out separately that the third components, such as a zinc 
compound, consider as the structure where cobalt cannot move the solid-solution crystalline 
structure easily, if the third components, such as a zinc compound, are blended with a cobalt 
compound. The following thing can be concluded from these knowledge. 
[0062] That is, while the third components, such as zinc, have the plus operation made into the 
structure where cobalt cannot move the nickel cobalt solid-solution crystalline structure easily, they 
also have a minus operation of reducing the nickel hydroxide consistency of the solid solution and 
reducing the discharge capacity per unit active material weight. Therefore, it is thought that the over 
discharge property of A4 [ Al with more additions of the third component than AO (0.5wt%) - ] 
(2wt%) improved notably by Al - A4 according to a plus operation of the third component although 
the minus operation of the third component appeared to some extent and the discharge capacity per 
unit active material weight fell slightly. Although it is necessary to make the loadings of the third 
component proper in order to demonstrate an operation of the third components, such as zinc, with 
sufficient convenience from this, the solid-solution internal transmigration of the cobalt compound 
at the time of over discharge can be effectively controlled according to a having-two-incomes 
operation with an operation of Co concentration gradient, without reducing most discharge capacity 
per unit active material weight, when the amounts of third components, such as a zinc compound, 
are made into 2% (metallic element weight % display). 

[0063] [Processing conditions of a cobalt hydroxide enveloping layer] Alkali heat treatment was 
carried out on condition that the following to the coat solid-solution particle (BAO), and the 
conditions which can raise an electrochemical property further were examined. 
[0064] (Alkali heat treatment conditions) Said coat active material particle BA 0 The coat active 
material particle [ finishing / heat-treat in the heating air of each temperature for 3 hours, and / 
alkali heat treatment / after carrying out impregnation of 25% of the weight of the sodium- 
hydroxide water solution ] H-l, H-2, H-3, H-4, H-5, and H-6 It produced. Moreover, in order to 
investigate the class and effect of alkali, 25% of the weight of the hydroxylation KARIUMUMU 
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water solution was used instead of the above-mentioned sodium-hydroxide water solution, 

whenever [ stoving temperature ] was made into 80 degrees C, and the heat-treated [ alkali ] coat 

active material particle H-7 was produced for other conditions like the above. 

[0065] Subsequently, each above-mentioned particle is used and it is a positive electrode EBA 0. 

While producing the positive electrode like the case, the electrochemical property was investigated 

by the same approach as the above. The result is shown in a table 5 with alkali heat treatment 

conditions. 

[0066] 

A table 5] 
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NaOH 
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9 9. 1 
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NaOH 
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1 0 4. 0 
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NaOH 
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NaOH 
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10 4. 0 


101. 0 




NaOH 
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9 8. 0 


9 8. 1 
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KOH 


30 


10 7. 1 


10 4. 0 



[0067] the coat active material particle H-2 which carried out alkali heat treatment in a table 5, H-3, 
H-4, and H-5 - the coat active material particle BA 0 (table 2 reference) of non-alkali heat 
treatment - comparing — both the discharge capacity per unit active material weight, and over 
discharge weighted solidity - although - it was improving. However, H-l (heat treatment 
temperature of 30 degrees C) is BAO. The same weighted solidity was shown and the discharge 
capacity per unit active material weight was falling in H-6 (heat treatment temperature of 120 
degrees C). When it is desirable to consider as 40 degrees C - 100 degrees C as for alkali heat 
treatment temperature and alkali heat treatment is performed to a coat active material particle on 
this condition from this, an electrochemical property increases notably. 
[0068] On the other hand, H-7 which performed alkali heat treatment using the potassium- 
hydroxide water solution showed the electrochemical property which was further superior to H-2 to 
H-5. It is good to use a potassium hydroxide preferably as an alkali metal in alkali heat treatment 
from this. 

[0069] In addition, it thinks to change to the high order cobalt compound more than divalent [ the 
cobalt compound of an enveloping layer excels / divalent / in conductivity ], and for an enveloping 
layer to change to the electrolytic solution and the description it is easy to get used to, and it is **** 
that an electrochemical property improves by alkali heat treatment. 
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Abstract of JP9082319 

PROBLEM TO BE SOLVED: To enhance conductivity between active material particles with the small amount of cobalt 
compound by forming concentration gradient so that the concentration of the cobalt compound is high on the surface of a solid 
solution particle and gradually decreased toward the central part of the particle. SOLUTION: Nickel sulfate aqueous solution ((a) 
solution), zinc sulfate aqueous solution ((b) solution), and cobalt sulfate solution ((c) solution) are prepared so that the element 
weight fraction of zinc and that of cobalt are 0.5wt.% and 2wt.% respectively when the whole weight of solid solution particle is 
100. The (a) solution and the (b) solution are mixed and stirred, and the (c) solution is added to the mixture so that the pouring 
amount per time is increased continuously or by stages. At the same time, ammonia water and sodium hydroxide aqueous solution 
are gradually added so that pH of (a), (b). and (c) solutions is kept in the specified value. Solid solution particle comprising 
compounds of nickel, zinc, and cobalt is obtained, and the cobalt compound is dispersed in the particle so as to have such 
concentration gradient that the concentration of the cobalt compound is low on the inside of the particle and high on the surface of 
the particle. 
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